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ABSTRACT 
Concrete blocks containing rice husk ash should be promoted as a new construction material to replace the existing 
blocks in market. Properties of the material used must be better understood first to obtain the desired concrete block. 
Generally, this paper presents a laboratory study on the effect of gasses incinerating rice husk ash (GIRHA) on 
properties  of  concrete  block.  The  compressive  strength,  water  absorption,  moisture  movement  and  modulus  of 
elasticity were investigated. Preliminary analysis of the constituent materials of the ordinary Portland cement and 
Rice Husk Ash concrete blocks were conducted to confirm their suitability for block making. Physical test of the 
recently prepared mix was also carried out. 390mm x 190mm x 100mm concrete blocks were cast and compacted by 
a KANGO hammer for 7, 14, 28 and 60 days at 0, 10, 15 and 20 percent replacement levels. In conclusion, the high 
performance of masonry blocks can be produced using rice husk ash (RHA) as cement replacement material. The 
compressive strength of the  OPC and  RHA concrete blocks  increases  with age at curing and decreases as the 
percentage of RHA content increases. The study arrived at an optimum replacement level of 15%.  
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1.    INTRODUCTION 
Rice husk which is also known as rice hull is a by-product of rice milling product. Demand for rice has increased 
due to population growth that exceeds 2.3% annually in Malaysia. In paddy milling operation, approximately 78% 
by weight is received as rice and the rest, about 22% as husk. The disposal of large bulk of husk has gain serious 
concerns due to the importance to preserve the environment in the present days. Open-field burning or uncontrolled 
combustion contributes to enormous environmental threats which lower the air quality in the area involved [1]. 
According to Ismail and Waliuddin [2], the un-burnt rice husk contained about 50% cellulose, 25-30% lignin and 
15%-20% silica. Therefore, the presence of silica in this pozzolanic material makes possible the use of RHA to 
replace part of cement [2, 3]. In Malaysia, there is a lack of research conducted to improve the quality of concrete 
block  available  in  the  market.  According  to  Gunduz  [4]  the  production  of  concrete  block  has  to  meet  the 
international standard that stipulates specific properties of the products. Primarily, they give little attention to the 
importance of quality assurance in properties of block namely strength, durability, weather resistance, insulating 
properties and fire resistance. In order to fulfill the criteria, all the stated properties will be explained in detail in the 
incoming chapter. Another study towards upbringing the development of innovative blocks production should be 
reviewed. Recent study shows that the utilization of by-products such as fly ash and other materials for example, 
sawdust and glass powder is frequently used in recent research instead of rice husk ash (RHA). It was found that 
RHA which is high in silica content can become potential cement replacement material Turgut and Murat Algin [5]. 
However, the objectives of this research are to study the effects of different replacement level of RHA on block unit 
properties and to determine the optimum RHA replacement level. 
 
2.    MATERIALS AND METHODS 
 
2.1  Preparation of RHA 
In this study, rice husk had been used as a cement replacement material. Since this material is rich in silica, this 
leads to strength development due to pozzolanic reactions. Raw rice husks were obtained from a local paddy mill in 
Parit Buntar, Perak, Malaysia and then burnt at a temperature of 700ºC for six hours to obtain the ash via furnace 
gas. The RHA was ground using ball mill and the specific surface area of the RHA determined using BET nitrogen 
adsorption  was  found  to  be  11770m
2/kg  and  the  loss  on  Ignition  (LOI)  of  the  RHA  was  3.03.  The  chemical 
compositions and physical properties of the RHA are tabulated in Table 1. 
 IJRRAS 8 (1) ● July 2011  Chik & al. ● Properties of Concrete Block 
 
   
58 
 
Table 1. Chemical and physical properties of RHA 
Compound  Weight percentage, (%) 
Chemical Test 
 
Silicon oxide (SiO2) 
 
 
90.00 
Aluminum oxide (Al2O3)  0.39 
Ferum oxide (Fe2O3)  0.37 
Calcium oxide (CaO)  0.46 
Magnesium oxide (MgO)  0.88 
Potassium oxide (K2O)  3.10 
Na2O  0.07 
Phosphorus oxide (P2O5 )  1.60 
MnO 
LOI 
 
Physical Test 
 
Density (g/cm
3) 
Specific surface area (m
2/kg) 
Setting time (minutes) 
10%RHA 
15%RHA 
20%RHA 
0.039 
3.03 
 
 
 
2.5 
11770 
 
195 
210 
210 
 
2.2  Mix Design and Production of the Block Samples 
In this investigates, the percentage of cement, sand, quarry dust and aggregate chipping is 12, 32, 44 and 12%, 
respectively. The compaction of samples was performed using a combination of wooden tamper and vibrating table. 
All  samples  were then covered with  wet Hessian before being demoulded at the age of 24 hours. After being 
demoulded, all samples were subjected to curing by means of sprinkling with water twice a day until the age of 
seven days. Testing for compressive strength and water absorption were performed at the ages of 7, 14, 28 and 60 
days. Constant w/c ratio is applied which is 0.70 in every mix. Mixing procedure for concrete block was similar to 
concrete mix adopted. At the laboratory stage, a KANGO hammer and a steel plate was used in order to compact 
each block. The finished block was then covered with polythene sheet for 24 hours before curing. The summary of 
the procedure can be seen in Figure 1. The mix proportions are shown in Table 2. 
Figure 1. Method for production of concrete blocks IJRRAS 8 (1) ● July 2011  Chik & al. ● Properties of Concrete Block 
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Table 2. Mix proportions of concrete block 
Materials  OPC  RHA10  RHA15  RHA20 
Cement  96.04  86.40  81.60  76.80 
Quarry dust  352.14  352.14  352.14  52.14 
Chipping 10mm  96.04  96.04  96.04  96.04 
Water  67.24  67.24  67.24  67.24 
RHA  -  9.64  14.44  19.24 
 
2.3  Compressive Strength Test 
The compressive strength of the block samples was determined in accordance with the standard procedure for pre-
cast concrete blocks. Samples were immersed into water 24 hours before testing. The weights of the block samples 
were always taken before the compressive strength test was conducted. Ten sample blocks were crushed each at 7, 
14,  28  and  60  days  after  casting  at  different  replacement  levels  using  the  compressive  testing  machine  in  the 
concrete laboratory of School of civil engineering, Universiti Sains Malaysia. 
 
2.4  Water absorption 
The 5-hour boiling test was adopted and applied in these investigations. Before the test was conducted, specimens 
were dried at least for 48 hours at 110°C. The specimens were placed into a water tank and heated up to one hour 
and continuously to be boiled for 5 hours, cooled to room temperature by natural loss of heat which was not less 
than 16 hours or not more than 19 hours. The specimens were removed and the surface was wiped with a damp 
cloth. Within two minutes after its removal from water and weighed.  
 
2.5  Moisture movement 
The demec points were fixed in pairs to the surface with a thin layer of adhesive and allowed to harden. A setting 
out bar was used to ensure the exact location and should be held in place for a minute to allow initial setting when 
second layer of adhesive was applied. 24 hours were elapse between fixing the demec points and using them. 
Readings were taken every day until the curve reading to stable. Finally, lengths for every plane were measured 
shrinkage was calculated as shown in Equation below: 
Shrinkage =  ) . ( * f c L           (1) 
Where:  L  ; Demec gauge reading - Shrinkage at specified testing age,  f c. ; coefficient factor i.e demec gauge for 
length 200mm= 0.798 x 10
-5. 
 
2.6  Modulus of elasticity 
The modulus of elasticity indicates the stiffness or resistance to movement of a material. This kind of testing will 
give stress-strain diagram and from this diagram, the elastic modulus can be obtained. Generally, few methods can 
be used to determine the modulus of elasticity. The most common for masonry are the initial tangent modulus and 
secant modulus methods. In this research investigation, secant modulus method is adopted. This method was found 
to be very practical and significant to the engineering design, easily determine and truly represent actual modulus 
of elasticity of concrete [6]. 
 
3.    RESULTS AND DISCUSSIONS 
 
3.1  XRD Analysis of Rice Husk Ash 
XRD analyses were performed on selected cement paste samples to identify the differences in the formation of 
Ca(OH)2 at different curing ages. Based on the XRD diffractograms illustrated in Figure 2. similar XRD patterns of 
RHA15 cement paste shown at 7, 14, 28 and 60 days. It is easily noticed that CH or Ca(OH)2 is one of the hydration 
products during the hydration process. The intensity peaks of Ca(OH)2 appeared at 2  of 18.00, 34.10, 47.11, 50.80 
and 54.36º. The XRD patterns generally show the intensity peaks decreased when RHA was incorporated into the 
cement pastes. It can be seen that the intensity peaks of Ca(OH) 2 from the XRD patterns is the highest at 14 days.  IJRRAS 8 (1) ● July 2011  Chik & al. ● Properties of Concrete Block 
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At later ages particularly at 60 days, there is a significant reduction in intensity peak of Ca(OH)2 due to consumption 
of CH in cement containing RHA. Similar study conducted by Chindraprasirt et al [3] using fly ash as a cement 
replacement  material shows  that intensity peaks of  Ca(OH)2 in  the XRD patterns decreased  when  fly ash  was 
incorporated into the blended cement. It was derived that Ca(OH)2 consumption in a blended cement is related to the 
degree of pozzolanic reaction. Factors affecting the pozzolanic reactivity are the fineness and amorphous silica 
content in the RHA. It was determined that the properly burnt RHA can be used to produce good quality cement 
replacement material. It was also noticeable that Ca(OH)2 decreased significantly with the increase of RHA content 
until 20% of replacement level. 
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Figure 2. XRD pattern for RHA15 cement paste (a) 7 days (b) 14 days (c) 28 days (d) 60 days. 
 
3.2  Standard Consistency and Setting Time 
Figure3 shows that water content increases with the increase of cement replacement level. Water requirement needs 
increases in the mix is due to specific surface area is much higher than OPC. It can be seen from the plotted graph 
presented  in  Figure  4.  The  increase  of  RHA  content  up  to  15%  also  increases  the  initial  setting  time.  20% 
replacement of RHA indicates that there is decrease in initial setting time. Final setting time measured for cement up 
to 20% replacement level, the increased graph achieved. It is recorded between the ranges of 120 to 210 minutes in 
final setting time for 0 to 20% replacement level. OPC with 0% RHA shows the lowest result for both initial and 
final setting time. Final setting time starts to give similar result at replacement level of 20% of RHA. Similar 
findings also obtained by Ganesan et al [7]. 
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Figure 3. Standard consistency of RHA cement paste IJRRAS 8 (1) ● July 2011  Chik & al. ● Properties of Concrete Block 
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Figure 4. Initial and final setting time of RHA cement paste 
 
3.3  Compressive Strength Test 
Figure 5 illustrated the relationship between the compressive strength and  the age of  curing. The compressive 
strength of unit with different replacement level exceeds the specified minimum requirement compressive strength 
of 2.8 N/mm
2 as stated in MS 76. The similar graph trend exhibits in every block type shows the increment of 
strength. This could be attributed to the combined effects of lower cement content and slow pozzolanic reaction at 
early age [8]. The average data for strength against curing age is shown in Table 3. The similar graph trends are 
shown in every block types that strength increased with time. It can be seen that RHA15 reaches the optimum values 
of strength at 60 days. At 28 days, RHA15 which consist of 15% RHA replacement obtained the highest strength 
value followed by RHA20 and RHA10. Conversely, partial replacement of cement with RHA has a high potential to 
be commercialized in market based upon the result achieved. Strength development of blocks containing RHA is 
expected to perform well in later age. 
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Figure 5. Relationship between stress of the block and curing age IJRRAS 8 (1) ● July 2011  Chik & al. ● Properties of Concrete Block 
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Table 3. Average strength data and curing age 
Time (days)  Strength, (N/mm
2) 
  OPC  RHA10  RHA15  RHA20 
7  4.83  4.65  4.54  4.47 
14  5.28  5.27  4.92  4.87 
28  5.38  5.42  5.46  5.35 
60  5.42  6.03  6.47  5.71 
 
3.4  Water absorption 
The percentage of water absorption for curing time between 7 and 60 days demonstrate in Figure 6. The plotted 
graph represents block with no replacement of RHA i.e 0% RHA. The trend of OPC graph gives lowest result at 7 to 
28 days as compared to block containing RHA. 10, 15 and 20% RHA block and continue to increase gradually with 
the increase of RHA content. It was found that at the age of 7 days, RHA20 shows the highest percentage of water 
absorption. Regarding to the result, RHA20 absorbs (14.42%) while RHA15 (13.89%), RHA10 gives (13.08%) and 
the lowest result goes to OPC (12.28%). High water absorption at the early age is due to adsorptive nature character 
and high fineness from micro porous particle in RHA. According to Ganesan et. Al [7], increase of water absorption 
is due to the fact that RHA is finer than OPC and also hygroscopic in nature. A possible reason of the lower 
percentage of water absorption with the increase of curing time is the existence of pozzolanic material as cement 
replacement in the block. The pore radius becomes finer from the formation of gel during hydration process. This is 
an agreement with the previous research finding reported by Kartini [9]. Block with no addition of RHA shows the 
highest water absorption percentage due to existence of connected pores in the block. This occurs when the water 
that in the void evaporated. For RHA block shows that addition of RHA leads to a reduction of permeable voids [7]. 
This leads to the increase of absorption in the unit masonry. 5-hours boiling test for concrete block leads to the 
weaker bond in concrete blocks and after the test the actual shape of the unit also change. 
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Figure 6. Water absorption in percentage and days 
 
3.5  Moisture movement 
Figure 7 and Figure 8 shows the moisture movement in two directions between 7 and 60 days. Shrinkage was 
recorded at the header and stretcher face directions of the concrete block. The samples were exposed to ambient 
temperature and humidity at open area in the laboratory. In both faces direction moisture movement took place 
rapidly at early ages due to rapid loss of water. It can be seen from that plotted graph presented as in Figure7. 
Header  face  direction  results  show  that  moisture  movement  of  OPC  block  gradually  decreased  and  indicates 
shrinkage to occur at 28 and 60 days of testing age. Block tends to shrink linearly at later age. In the case of RHA20, 
it shows the highest peak of positive moisture movement achieved at 14 days and then decreased at later age. 
RHA15 gives similar graph trend as RHA20 and moisture movement lies between RHA10 and RHA20 block. For 
RHA10, a small drop obtained at 7 days and moisture movement gives almost constant result at later age. Figure 8 
illustrated the moisture movement for stretcher direction for OPC, RHA10, RHA15 and RHA20 block unit. As 
compared between the both faces direction, it was found that shrinkage value is lower at stretcher direction. OPC 
and RHA10 blocks tend to shrink while RHA20 shows contrast graph trend where expansion occur against the 
curing age. This is attributed to higher replacement level of RHA that exist in the block. IJRRAS 8 (1) ● July 2011  Chik & al. ● Properties of Concrete Block 
 
   
63 
 
 
-200
0
200
400
600
800
1000
1200
0 10 20 30 40 50 60 70
Curing Age (days)
M
o
i
s
t
u
r
e
 
m
o
v
e
m
e
n
t
 
(
m
i
c
r
o
s
t
r
a
i
n
)
OPC RHA10 RHA15 RHA20
 
Figure 7. Moisture movement for header face direction 
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Figure 8. Moisture movements for stretcher face direction 
3.6  Modulus of elasticity 
Table 4 shows the summarized result for different types of unit block. The data was recorded at 7, 14, 28 and 60 
days. Elastic modulus was calculated from the linear part of stress-strain curve using secant modulus method. The 
proportional limitation is approximately 30% of the failure strength gained. Secant modulus of block unit is between 
0.65 and 0.85 GPa. It shows the result obtained for all block types exceed 0.5 GPa except for RHA20 block obtained 
the  lowest  result  which  is  0.44  GPa.  The  highest  modulus  of  elasticity  was  exhibited  by  RHA15.  There  is  a 
significant increase in the block when RHA was used as a partial cement replacement material in the range of 0 to 
20%. It is reasonable to conclude that replacement of RHA does influence the modulus of elasticity. In the case of IJRRAS 8 (1) ● July 2011  Chik & al. ● Properties of Concrete Block 
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block unit, elastic modulus increases with the increase of RHA replacement levels up to 15%. However, RHA20 
shows the lowest result which 20% replacement of RHA while RHA15 shows the highest elastic modulus. 
 
Table 4. Elastic modulus at different replacement of RHA 
Block types 
Block 
Elastic modulus, E (GPa)  Strength, 
(N/mm
2) 
OPC  0.70  5.81 
RHA10  0.81  6.23 
RHA15  0.85  6.70 
RHA20  0.65  5.37 
 
4.  CONCLUSIONS 
The followings are the findings for this research: 
a.  It was observed the increase of replacement level of RHA significantly decreases the initial suction of rates. The 
possible reason arises for this fact is that the porous characteristic of the block resulted in capillary action from 
the aggregates. This is also probably because of the presence of RHA in the block that absorbed any available 
water for the hydration process to take place. Calcium silicates hydrate is a by-product from pozzolanic reaction 
which  fills  the  pores  and  leads  to  higher  strength  development.  In  the  case  of  water  absorption,  higher 
percentage gained at early age tends to decrease at later age except for controlled block. The existence of 
pozzolanic material in concrete block tends to finer the pore radius in accordance of C-S-H (gel) during the 
hydration process. 
b.  The high performance of concrete blocks can be produced using rice husk ash (RHA) as cement replacement 
material. It was found that optimum RHA replacement level is 15%. It shows the RHA replacement level 
exceeds  15%  also  indicates  comparable  results  and  reached  minimum  requirements  2.8  N/mm
2  with  no 
individual block result lower than 80% of that value. Nevertheless, the strength of the block was expected to 
increase in later ages. The strength gained contributes from the high silica content available in RHA. It was 
identified from XRF analysis that 90% of SiO2 is present in the ash. Burning temperature of 700ºC confirmed 
that the ash is in the form of amorphous form. 
c.  There is influence of elastic modulus for concrete block when RHA was used as a partial cement replacement 
material from 0 to 20% to the cement. RHA20 block unit shows the lowest elastic modulus among the block i.e. 
RHA10, RHA15 and OPC. Block unit shows significant increase in elastic modulus.  
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